In this contribution w e investigate the performance of Reed-Solomon (RS) coded DS-CDMA using noncoherent M -a r y orthogonal modulation over multipath Rayleigh fading channels. 'Errors-and-erasures' RS decoding is considered, where erasures are declared based on various erasure insertion schemes, such as the maximum Output Threshold Test (OTT), Ratio Threshold Test (RTT) and the joint Maximum Output and Ratio Threshold Test (MOR-TT). Furthermore, the performance of 'errors-anderasures' decoding employing the joint MOR-TT is compared t o that of 'error-correction-only' decoding and to that of 'errorr-and-erasures' decoding using the OTT as well as the RTT. The numerical results show that, when using 'errors-and-erasures' decoding, RS codes of a given code rate can achieve a signiflcantly higher coding gain than without erasure information, and that the MOR-TT technique outperforms both the RTT and the OTT techniques.
I . Introduction
In Direct Sequence Code-Division Multiple-Access (DS-CDMA) cellular systems Forward Error Correction (FEC) coding is often used for mitigating the effects of fading and interference. For the well-known Reed-Solomon (RS) codes, 'errors-and-erasures' decoding is preferable to 'error-correction-only' decoding, since 'errors-anderasures' decoding can typically achieve a significantly lower codeword decoding error probability, than 'errorcorrection-only' decoding, if a reliable erasure insertion scheme is invoked. Hence, in the context of RS decoding it is beneficial to determine the reliability of the received symbols and to erase the low-reliability symbols prior to the decoding process. In the context of 'errorsand-erasures' decoding, the erasure insertion schemes are expected to exhibit low-complexity and low-delay, while achieving as low a codeword decoding error probability as possible.
On the up-link of a DS-CDMA cellular system, due to the high complexity of coherent modulation/demodulation, which would require a pilot signal for each user, noncoherent M-ary orthogonal modulation This work bas been carried out in the kamework of the IST project TT are estimated and compared. We also compare the codeword decoding error performance of the MOR-TT based erasure insertion scheme to that of using 'errorcorrection-only' decoding without side informat,ion. Note that, since the complexity of the BT-based erasure insertion scheme is significantly higher than that of the OTT, RTT or MOR-TT, the performance investigation for the RS coded M-ary DS-CDMA system using BTbased 'errors-and-erasures' decoding is not considered in this contribution.
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II. System Overview
A . Transmitted Signal and Channel Model
The transmitter schematic of the coded US-CDMA system using M-ary orthogonal modulation is shown in Fig1 In the transmitter of Fig.1 
where 29 E { I , Q } , represents independent identically distributed (i.i.d) random variables assuming values of +1 and -1 with equal probability of 1/2. Furthermore, T, represents the chip duration, and p ( t ) is assumed to be the rectangular chip waveform, which is defined over the interval (O,T,] . Moreover, we assume that N , = T,/T, = bTt,/T, = bN, where Tt, is the bitduration and N = Tb/T,.
The dispersive fading channels are assumed to be discrete and time-invariant, having a channel impulse re- 
can be expressed as 
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Furthermore, n(t) represents the Additive White Gaussian Noise (AWGN), which is modeled as a random variable with zero mean and double-sided power spectral density of N0/2. After the receiver's bandpass filter, n(t) becomes a narrowband noise process, which can be expressed as n(t) = n,(t)cosw,t + n,(t)sinw,t [2], where n, ( t ) and n, ( t ) represent lowpass-filtered Gaussian processes.
B. Receiver Model
The receiver schematic considered in this paper for the RS coded DS-CDMA system is shown in Fig.2 
Y, = max { U ; , U;, . . . ub} .
Furthermore, let H I and HO represent the hypotheses of correct decision and erroneous decision concerning an Mary symbol in the MLD block of Fig.2 . Hence, we have
P(H0) = 1 -P(H1).
A . OTT
In the context of the OTT, the decision variable subjccted to an erasure insertion is Y I , i.e., the actual demodulator output is observed. Let fy, (ylH1) and fy, (ylHo) be the conditional probability density functions (PDF), given that the associated demodulated symbol is correct ( H I ) and incorrect (Ho), respectively. As an example, the distributions of fy, (ylH1) and fy, (ylHo) over multipath Rayleigh fading channels are shown in Fig.3 , where the diversity order is L = 3, the average signal-to-noise ratio 
B. RTT
The ratio involved in Viterbi's RTT is defined as the ratio of the maximum to the 'second' maximum [SI, or equivalently, it can be defined as the ratio of the 'second' maximum t o the maximum, which can be expressed as
Yl
Let fx(rlH1) and f~(r1H~) be the conditional PDFs under the hypotheses of HI associated with correct decisions and Ho of erroneous decision of the MLD, respectively. The distributions of fx(rlH1) and fx(rlH0) using the same parameters as those in Fig.3 are shown in Fig.4 , when multipath Rayleigh fading channels wcre considered. According t o Fig.4 we observe that fx(rlH1) is mainly spread over the range having relatively low values of A, while f~(rIH0) is mainly distributed over the range having relatively high values of A. Therefore, the demodulated symbols having a relatively low ratio of X are more reliablc, than those having relatively high values of A. Consequently, a pre-set threshold RT can be invoked, in order to erase these low-reliability symbols associated with a ratio of X 2 RT.
C. Joint MOR-TT
In the context of the joint MOR-TT, the erasure insertion is based on the observation of both the maximum Y1 of Eq.(4) and the ratio X of Eq. Fig.5 we observe that for the given parameters the peak of the distribution fyl,x(y, rlH1) is located at a relatively high value of YI or a relatively low value of A, while the peak of the distribution fu,,x(y/,rlHo) is located at a relatively low value of YI and a relatively high value of A. The above observations in turn imply that f u , , x ( y , r ( H~) is mainly spread over the range having relatively high values of Y1 or relatively low values of A, while f~,,~(y,rlHo) is mainly distributed over the range having relatively low values of YI and relatively high values of A. Therefore, if a demodulated symbol has a maximum output value of YI and a ratio of A, that had fallen in the main range of fyl,x(y, PIHo), the symbol concerned must be a low-reliability symbol and must he replaced by an erasure. By contrast, if a demodulated symbol has values of YI and X that had fallen outside the main range of f~,.x(y,rlHo)~ then this symbol is likely to be correct and the corresponding RS code symbol can be forwarded to Pig. 5 . The 2U joint PDFs OF fu,.h(~.rlH~) and fu,,~(y.rIHo) using the parameters of M = 64, L = 3, ~b =5dB over dispersive Rayleigh-fading channels.
the RS decoder. Consequently, in order t o erase the lowreliability RS coded symbols, we assume that YT and RT are two thresholds, which activate an eramre insertion, whenever YI 5 YT and X 2 RT.
U . BT
For M-ary orthogonal modulation systems using the Bayesian test, all the decision variables input to the MLD must he considered, in order t o make an erasure decision. Specifically, let si,be t h e ith code symbol of the alphabet, and U = (U;, U;, . . . , U h ) be the vector of M-ary decision variables input to the MLD unit of Fig.2 . Let f(u1.i) he the conditional PDF of U given that si was sent, and A; be the a priori probability of sending 8 ; . The BT decides that a received symbol should be erased if i=l where 0 < B < 1. Since in the ET-based erasure insertion scheme the PDFs of f(ul8i) for i = 1 , 2 , . . . , M have to be estimated for making an erasure insertion decision, the complexity of the BT is significantly higher than that of the OTT, RTT or MOR-TT, which carry out an erasure decision based on the estimation of either YI or A, or both. Furthermore, the numerical results in [lo] indicate that the BT-based erasure insertion scheme only slightly outperforms the RTT-based erasure insertion scheme, if the Signal to Interference plus noise ratio (SINR) is sufficiently high.
E. Performance
In this section the performance of RS coded M-ary CDMA using 'errors-and-erasures' decoding associated with the OTT, RTT and MOR-TT erasure insertion schemes is estimated and compared for a given set of parameters. Fig.6 shows the codeword decoding error probability of the M-ary DS-CDMA system over dispersive Rayleigh fading channels using the joint MOR-TT. The RS(32,20) code constructed over the Galois Field GF(32)=GF(25) corresponding to 5-bit symbols was used and 'errors-and-erasures' decoding based on the MOR-TT insertion scheme was employed. From the results we observe that there exists an optimum threshold value of RT or YT, for which 'errors-and-erasures' decoding achieves the minimum codeword decoding error probability. This observation in turn implies that for given values of M , diversity order of L, number of users K , SNR per bit of yb as well as for a given RS code, there exist optimum thresholds YT and RT, for which the 'errors-and-erasures' decoding using the joint MOR-TT erasure insertion scheme achieves the minimum codeword decoding error probability. This minimum codeword decoding error probability is lower, than that associated with using the RTT alone or the OTT alone. Note that in Fig.6 the point corresponding to YT = 0 and AT = 1 represents the codeword decoding error probability using 'error-correction-only' decoding. Therefore, we can observe that 'errors-and-erasures' decoding outperforms 'error-correction-only' decoding, if the appropriate thresholds are invoked. However, if the threshold YT is too high and simultaneously the threshold AT is too low, too many erasures will be activated, potentially erasing correct demodulated symbols. Consequently, the codeword decoding error probability using 'errors-and-erasures' decoding might be significantly higher, than that using 'error-correction-only' decoding.
Finally, in Fig.7 we compared the 'errors-and-erasures' RS decoding performance of our systems using the OTT, RTT and MOR-TT over dispersive Rayleigh fading chan- nels. The parameters used was M = 32, the number of users was K = 10, the number of chips per bit was N = 128 and the diversity order was L = 2,3,4. From the results we observe that the proposed MOR-TT erasure scheme outperforms both the RTT and OTT erasure insertion schemes.
